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STUDIES  ON  DEFLAGRATION  TO  DETONATION 
IN  PROPELLANTS  AND  EXPLOSIVES 

INTRODUCTION 

Methods  for  the  evaluation  of  sensitivity  to  detonation  of  pro¬ 
pellants  and  explosives  continue  to  be  of  paramount  importance. 
Many  empirical  tests  have  been  devised  and  applied  to  such  studies 
only  to  recognize,  at  a  later  date,  ambiguities  inherent  to  the 
test.  Furthermore,  propellant  preparation  processes  sometimes 
malfunction  during  the  mixing  process  prior  to  casting  and  curing. 
It  Is  our  intention  to  attempt,  on  a  laboratory  scale,  to  simulate 
environmental  conditions  that  are  likely  to  cause  such  misbehav¬ 
iors  and  malf unctions. 

Since  many  current  propellant  formulations  use  double-base  sys¬ 
tems,  the  basic  nitroglycerin  ingredient  serves  well  as  a  mate¬ 
rial  on  which  studies  can  be  made.  It  is  particularly  useful  for 
photographic  study  because  of  Its  transparency.  However,  since 
solid  propellants  and  explosives  are  opaque,  evaluation  of  burn¬ 
ing  and  detonation  behavior  must  be  made  by  means  of  electrical 
and/or  modified  optical  methods. 

We  are  developing  an  optical  technique  for  sensing  behavior  within 
an  opaque  body  that  appears  promising  for  use  in  combustion  rate 
studies  when  correlated  with  the  results  from  the  application  of 
the  resistance  element  and  pressure  probe  techniques. 

Refinement  of  the  latter  has  been  made  where  the  application  of 
this  technique  to  burning  rate,  detonation  rate,  and  critical  di¬ 
ameter  studies  on  advanced  formulations  are  contemplated  in  a  co¬ 
operative  arrangement  with  one  or  more  of  the  ARPA  major  propel- 


lant  development  contractors.  Methods  employed  are  applicable 
to  relatively  small  quantities  of  material  for  a  given  test.  Ar¬ 
rangements  have  been  made  with  American  Cyanamid ,  Stamford,  Con¬ 
necticut,  and  collaboration  with  other  companies  Is  contemplated 
pending  preliminary  evaluation  of  the  technique  on  a  single  com¬ 
pany's  product;  however,  If  laboratory  samples  cannot  be  trans¬ 
ported  to  our  facility,  useful  instrumentation  methods  can  be  sug¬ 
gested  or,  In  part,  provided. 

In  an  earlier  report  of  this  serief^-^,  the  Influence  of  externally 
applied  electric  and  magnetic  fields  on  detonation  had  been  dis¬ 
cussed.  With  our  new  photographic  facilities,  i.e.,  the  streak 
camera  and  the  .050  psec.  Kerr  Cell  Camera,  research  Into  this 
facet  of  detonation  is  facilitated.  The  high-speed  Cordin  Framing 
Camera,  which  Is  now  scheduled  for  delivery  in  the  last  quarter 
of  1061,  and  a  two-channel  micro-flash  X-ray  camera  will  become 
available  to  supplement  the  instrumentation  now  on  hand. 

General  observations  pertaining  to  detonation  phenomena  are  re¬ 
ported  when  they  appear  pertinent  to  a  better  understanding  of 
detonation  events  or  when  a  useful  device,  developed  as  a  side¬ 
light,  results  from  the  work. 

EXPERIMENTAL 

A.  Streak  photographic  study  of  effects  of  electric  fields 
on  detonation  "  “  — 

An  investigation  into  the  effect  of  externally  applied  electric 
fields  during  both  the  growth  and  steady-state  stages  of  detona- 

1/  Bureau  of  Mines  Quarterly  Report,  "studies  on  Deflagration 

to  Detonation  in  Propellants  and  Explosives",  Office  of  the 
Secretary  of  Defense,  ARPA  Order  No.  44-61,  January  1,  1961 
to  March  30,  1961. 


tion  was  begun.  Based  on  earlier  work  In  this  field,  the  Cordin 
streak  camera  was  used  to  determine  the  effect  on  propagation  of 
detonation  by  (1)  electrodes  placed  In  explosive  charges  of  both 
high  and  low  density,  and  (2)  an  axial  electric  field  during 
transit  of  the  detonation  wave  through  negative  to  positive  »nH 
positive  to  negative  potential  gradients. 

2/ 

It  had  been  shown  in  a  recent  report—  of  this  series  that  before 
the  hydrodynamic  detonation  velocity  is  attained,  a  substantial 
delay  time  and  distance  can  be  introduced  by  the  use  of  an  inert 
rubber  barrier  between  a  donor  charge  and  a  low  density  explosive 
(about  1.0  g/cra3)  acceptor  charge.  This  behavior  was  detected  by 
use  of  the  resistance  element  and  also  the  pressure  probe  tech¬ 
niques  for  the  continuous  measurement  of  ionization  and  compres¬ 
sion  front  positions.  Since  the  study  of  the  influence  of  an 
electric  field  on  detonation  growth  precludes  the  use  of  electric 
detection  devices,  due  to  stray  potentials  produced  by  the  high 
potential  field  gradients,  it  was  necessary  to  use  optical  meth¬ 
ods  for  this  investigation.  In  order  to  confirm  that  the  delay 
measured  by  the  electrical  method  was  real,  a  similar  charge  con¬ 
figuration  was  used  and  the  reaction  photographed  with  the  streak 
camera.  The  charge  and  the  record  produced  are  shown  in  figure  1. 
Here  a  delay  distance  from  the  barrier  acceptor  interface  of  35 
mm.  is  shown.  The  terminal  velocity  is  the  anticipated  5.3  mm/jisec 
and  the  supervelocity  at  the  transition  point  of  6.1  mm/psec.  is 
doubtless  due  to  an  axial  initiation  with  the  extra  high  pseudo¬ 
velocity  caused  by  the  radial  component  of  the  propagation. 

Since  the  growth-to-detonation  transition  zone  is  well  defined,  the 
position  for  placement  of  an  electrode  system  was  evident.  Shown 

2/1  See  figure  5  referred  to  in  report  for  January  1  to  March  31, 
1961  in  footnote  1. 
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in  figure  2  is  the  effect  of  thin  brass  electrodes  placed  at  a 
position  on  the  charge  bridging  the  position  of  the  anticipated 
transition  to  high-order  detonation.  However,  no  potential  was 
applied  to  the  electrode  system.  The  photographic  streak  record 
shows  that  the  presence  of  the  electrodes  without  an  applied  po¬ 
tential  does  influence  the  propagation  to  a  limited  extent  and  the 
expected  terminal  velocity  was  not  quite  attained. 

When  a  negative-to-positive  field  gradient  of  20  kv/cm.  was  ap¬ 
plied  to  the  electrodes,  the  propagation  velocity  was  increased 
both  during  passage  between  the  electrodes  and  more  markedly  after 
passing  into  the  downstream  end  beyond  the  second  electrode;  this 
is  apparent  when  figure  3  is  compared  with  figure  2.  However, 
when  the  reverse  polarity  was  used,  an  effect  resulted  similar  to 
that  in  which  no  voltage  was  applied  and  is  indicated  by  compari¬ 
son  of  figure  4  with  figure  2. 


If  the  Initiation  to  detonation  is  to  be  Influenced  by  electric 
fields,  it  would  appear  that  this  Influence  is  stronger  during 
the  growth  phase  and  in  the  lower  density  explosives.  When  a 
higher  density  (1.62  g/cm3)  charge  was  employed  and  direct  initia¬ 
tion  was  used,  the  presence  of  the  negatlve-to-positlve  field  had 
no  measurable  Influence  as  shown  in  figure  5. 

All  of  the  foregoing  tests  were  made  in  transparent  vessels  and 
the  propagation  was  sensed  on  the  periphery  of  the  charge;  it  is 
planned  to  repeat  pertinent  tests  of  this  series  with  the  dia¬ 
metric  glass  wafer  system  to  observe  the  performance  within  the 
charge .  A  basic  experiment  was  made  to  show  the  transitional  be¬ 
havior  of  a  high-order  detonation  as  it  progresses  across  high  to 
low  and  low  to  high  density  segments  in  the  same  charge  using  the 


wafer  system.  Figure  6(a)  shows  the  configuration  and  6(b)  the 
record  obtained.  A  velocity  overshoot  Is  Indicated  In  transition 
from  high  to  low  density  with  no  delay  Indicated  for  the  low  to 
high  density  detonation  wave  transit. 

B.  Simple  plane  wave  generator 

In  all  of  our  work  where  3/4"  diameter  donors  are  used,  a  simple 
plane  wave  generator  has  resulted  from  the  use  of  conventional  ex¬ 
plosive  components.  Two  pressed  pellets  are  stacked  to  form  a 
booster,  as  shown  in  figure  7(a),  where  the  X/d  ratio  is  considera¬ 
bly  less  than  the  3.5:1  recommended  for  minimum  off-end  wave  front 
curvature.  The  effectiveness  of  the  system  Is  doubtless  due  to 
peripheral  initiation  at  the  detonator-explosive  cup  wall  rather 
than  at  the  end.  A  line  drawing  of  the  off -end  wave  front  that  Is 
produced  is  shown  below  the  drawing  and  can  be  compared  to  the  wave 
front  from  a  typical  card-gap  donor  (figure  7(b))  which  obviously 
is  caused  by  point  initiation.  A  No.  6  American  detonator  is  used 
and  activated  with  a  capacitive  discharge.  The  photographic  streak 
record  is  shown  in  figure  7(c). 

C.  Procedures  to  be  used  in  the  casting  of  propellant  strands 

Special  moulds  have  been  prepared  for  use  of  the  American  Cyanamid 
Company  in  casting  a  propellant  formulation  for  our  preliminary 
study.  Photographs  of  the  components  are  shown  in  figure  8(a). 

Two  banks  of  three  moulds  each  were  designed  and  constructed  for 
use  in  burning  rate  and  detonability  evaluations  of  advanced  pro¬ 
pellant  formulations.  Conical  polyethylene  liners  were  wrapped 
on  a  mandrel  and  inserted  into  a  heated  mould;  the  unit  heated  to 
350°F  to  fuse  the  seam  of  the  plastic  insert.  A  resistance  ele¬ 
ment  was  positioned  axially  through  the  apex  and  held  in  place  by 


the  use  of  the  special  jig.  The  bank  of  mould  forms  Is  shown  In 
figure  8(b);  It  can  be  preheated  and  passed  remotely  In  assembly 
line  fashion  under  a  filling  spout  from  the  mixer.  This  strand 
configuration  has  merit  In  that  a  minimum  quantity  of  material  Is 
required  for  each  strand  and  several  tests,  using  the  resistance 
element  technique,  can  be  conducted  with  this  simple  configura¬ 
tion.  Among  the  tests  that  can  be  conducted  are:  (1)  burning  at 
ambient  and  elevated  pressures,  (2)  sensitivity  to  Initiation  by 
direct  and  attenuated  shock  waves  generated  by  high  explosives 
boosters,  (3)  the  detonation  velocity,  and  (4)  a  measure  of  the 
critical  diameter  for  sustaining  detonation.  Additionally,  meth¬ 
ods  for  uniform  surface  Initiation  by  chemical  and  electrical 
means  can  be  devised. 

The  effects  of  cavitation  on  the  initiation  of  a  detonation-like 
reaction  has  been  re-emphaslzed  in  a  recent  incident  at  the  Her¬ 
cules  Powder  Company,  Magna,  Utah,  Involving  the  vacuum  mixing  of 
a  high-performance  double-base  composite  solid  propellant.  The 
previous  report^  in  this  series  made  reference  to  cavitation  in 
liquid  explosives  as  a  locus  of  Initiation  to  detonation.  Fur¬ 
thermore,  the  expansion  of  the  bubbles  has  been  considered  a  pos¬ 
sible  cause  for  initiation. 

A  small-scale  transparent  replica  of  a  propellant  mixer  Is  being 
designed  in  which  agitation  and  evacuation  is  similar  to  that  used 
in  the  larger  scale  mixing.  It  Is  planned  to  conduct  a  series  of 
photographic  tests  using  such  a  method  to  determine  if  cavitation 
and  evacuation  are  capable  of  causing  initiation  of  the  propellant 

i/  Bureau  of  Mines  Quarterly  Report,  "Studies  on  Deflagration  to 
Detonation  in  Propellants  and  Explosives",  Office  of  the 
Secretary  of  Defense,  ARPA  Order  No.  44-61,  April  1,  1901 
to  June  30,  1961. 


•lurry,  the  aechanlsa  involved,  and  what  Measures  can  be  taken  to 
alnlalze  the  potential  explosion  hazard. 


Figure  I,  -  A  photographic  streak  record  showing  the  detonation  initiation  delay  in  granu¬ 
lar  tetryl:  (a)  the  charge  configuration  where  the  shock  from  an  explosive 
donor  is  attenuated  by  an  inert  rubber  barrier  and  a  drawing  of  the  delay  and 
velocities  produced;  (b)  the  photographic  streak  record  where  the  image  ve¬ 
locity  was  3  mm/iisec.  and  the  object  image  reduction  2.18  to  1.0. 


I 
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Figure  2.  -  Influence  of  the  presence  of  transverse  plate  electrodes  (brass  shim  stock 
0.010"  thick)  on  the  propagation  velocity  of  a  detonation  wave  in  granular 
tetryl  (density  about  1.0  g/cm3):  (a)  the  charge  configuration  and  result 

ing  velocity  record  and  (b)  the  actual  streak  photograph  obtained.  The 
image  velocity  was  3  mm/^sec.  and  the  object-image  size  reduction  is  2.31 


Figure  3.  -  The  effect  of  passing  the  detonation  wave  through  a  region  on  the  charge  where 
a  negative-to-positive  electric  field  had  been  applied:  (a)  the  charge  con¬ 
figuration  and  resulting  velocity  record  where  an  increased  detonation  velocity 
is  indicated  and  (b)  the  actual  streak  photograph  obtained.  The  image  velocity 
was  3  mm/(j,sec.  and  the  object-image  size  reduction  is  2.38  to  1  0 


AMO?4"  AO 


was  applied  to  the  electrodes:  (a)  the  charge  configuration  and  resulting 
velocity  record  where  a  lower  terminal  velocity  is  indicated  and  (b)  the 
actual  streak  photograph.  The  image  velocity  was  3  mm/psec.  and  the  object- 
image  size  reduction  is  2,11  to  1.0. 
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